Abstract: This study assessed impacts of pit latrines on water quality from hand-dug wells in Isara-
Introduction
Providing water and sanitation services to low-income communities is a key sustainable development challenge in urban areas especially in developing countries of the world [1] [2] [3] [4] . In effort to promote sustainable sanitation and safe source of water, the World Health Organization had proposed an approach known as the water safety plan (WSP) as an effective means of consistently ensuring the safety of a drinking-water supply and encouraging sustainable development [5] . Sustainable sanitation refers to economically viable, socially acceptable sanitation solutions that protect human health without contributing to environmental degradation [6] . Concerning the safety of water, research evidences have shown that many low income countries are off-track to reach Target 7c of the Millennium Development Goals for water supply and sanitation, aimed at reducing by half the proportion of people without sustainable access to safe drinking-water and basic sanitation by 2015 [7] . In spite of increasing international awareness of and attention to water and health, water, sanitation, and hygiene (WASH) challenges continue to plague the developing world [8] . Deficiency in sanitation is among the main causes of health problems among urban dwellers in African cities and is widely considered to contribute to poverty [9] [10] [11] . Although, the sanitation needs of the public have changed with a great majority having private access to toilets and washing facilities [12] [13] ; worldwide, about 2.6 billion people do not use improved sanitation, which is deffined as facilities that hygienically separate human excreta from human contact [14] . Several communities in Nigeria have witnessed remarkable economic and physical growth but in terms of improvement in the quality of the urban environment, they still lag behind developed countries. Many households like in other developing countries depend on rudimentary and poorly constructed or unimproved pit latrines [12, 15] . In addition, almost one third of the population in Asian and African cities (both in urban and rural areas) use well water as a main source of drinking water [16] (Subin and Aneesha, 2011), most of which are unprotected and sited close to pit latrines [17] . (Mulenga and McGranahan, 2011) Pit latrine is widely used due to its low cost and availability [18] [19] . Graham and Polizzotto [20] observed that pit latrines are one of the most common human excreta disposal systems in low-income countries, and their use is on the rise as countries aim to meet the sanitation-related target of the Millennium Development Goals. Hand-dug wells are usually shallow, about 20 m or less and water from this source is used directly without treatment and could be faecally contaminated [21] due to inadequacy of proper toilet facilities [22] . Most pit latrines were poorly constructed and lack physical barrier, such as concrete, between stored excreta and soil and/or groundwater [ 23] thus creating serious health risk [14] . Cairncross and Cliff [ 24] had earlier reported that soakage pits and pit latrines can extend their influence on groundwater quality up to 10m or more as groundwater flow is either lateral or vertical. It is easy for excreta from the pit latrines to leach into nearby hand-dug wells, thereby threatening human health through well-water contamination [25] [26] . It affects the physicochemical and bacteriological components of the water leading to infectious diseases. Inadequate sanitation, water supplies and poor hygiene are critical determinants for diarrhoeal diseases and infectious diseases transmitted by the faecaloral route [13] . Water-associated infectious diseases are a major cause of morbidity and mortality [27] [28] , linked to unsafe water, sanitation and hygiene [29] . According to WaterAid [30] , around 4,000 people, mostly children, die every day as a result of diarrhoeal diseases; accounting for more than 40% of the total number of deaths related to unsafe water, inadequate sanitation facilities and poor hygiene behaviour. There is the need to ensure the safety of drinking-water supply using a comprehensive risk assessment and risk management approach [31] . However, Nigeria like other developing countries lacked adequate information on the levels of groundwater contamination from pit latrines [23] , which may hamper the achievement of sustainable sanitation and health. It is necessary to determine the extent of well water contamination in order to monitor likely danger to the public health.
This paper aimed to assess the effect of pit latrine on physico-chemical and bacteriological quality of water of nearby hand-dug well and its health implications in Isara, Remo North Local Government Area of Ogun State, SW, Nigeria. We hypothesized that the water quality of the wells were affected by faecal contaminant from nearby pit latrines.
II.
Materials and methods Figure 1 ). It is situated on a hilly topography of about 88 to 139 m above sea level. The geology is of the basement complex rock overlaid by the sedimentary rock of the Abeokuta formation whose lithology is sandstone [32] . The soil is generally sandy derived from the sandstone parent materials. Water table varies according to the topography, but is generally between 5 and 25 metres below the surface. Isara characterized by two mark seasons, the rain and dry seasons with mean annual rainfall ranging from 2032mm to 2540mm. Until recently, the town is predominantly an agrarian settlement noted for kolanut, cocoa, cassava, cocoyam and other food crops. Like many other towns and cities in Nigeria, it lacks adequate basic infrastructures such as adequate water supply, poor sanitation and epileptic electric supply. Over 70% of the houses uses pit latrines, while only 20% have water closets and about 10% are without any form of toilet facilities, hence resort to open defecation (Personal Communication). Apart from few points with pipe-borne water, hand-dug well is the most common source of water supply.
2.2.
Sampling method The study was conducted in the wet season to determine the quality of the well water in close proximity to pit latrines. Three well water samples were taken from four different locations in the town namely: Aiyegbami, Sabo, Sokabi and Ijabata (Figure 1 .0). The wells were labelled AW, SW, SBW and IW respectively, while the pit latrines close to them were labelled AT, ST, SBT and IT respectively. All water samples were taken directly from the well by means of approved sterilized bottle fitted with a weight at the base. Care was taken to avoid contaminating sample by any surface dirt. The water samples were de-chlorinated with sodium thiosulfate put in the collection bottles. Faecal coliform was run within 6 hours of samples collection, while E. coli was run within 24 hours of sample collection. This is because the time from sample collection to initiation of analysis may not exceed 30 hours [33] . Samples were kept at temperature below 10°C during transit. The distance of pit latrines, to hand dug wells were taken. Coordinates of the wells and pit latrines were recorded using hand-held GPS device. In the course of this investigation, the levels of faecal coliforms E. coli and Salmonella spp., ammonium, nitrate, conductivity, acidity, alkalinity, chloride, turbidity and pH were used as impact indicators.
2.3.
Physicochemical and bacteriological analysis Colour, odour, and smell of the well waters were determined by human sense of vision. The temperature was determined on field using thermometer. The pH was determined using pH meter. Total acidity, total alkalinity, chloride, nitrate, ammonium and conductivity were determined using standard methods [34] . Turbidity was measured using a HACH 2100N turbidity kit. In order to maximize the comparability of results, bacterial microorganisms (faecal pollution and Escherichia coli (E. coli) were recovered and enumerated via culture-based most probable number (MPN) techniques in compliance with EPA guidelines [35] .
Water Quality of Hand-Dug Wells Close to Pit Latrines: Implications for Sanitation and Health.
All analyses were performed by the membrane filtration technique with Millipore filters and equipment (Millipore Corp., Bedford, Mass.). Salmonella concentrations for well water samples were determined by the method described by Krometis et al. [36] . All samples were transported to the laboratory on ice to stop reproduction and bias that may occur at ambient temperature.
2.4.
Health data Prevalence of water-borne diseases in the study area was investigated by visiting the local government health centre and two private clinics in Isara -Remo where cases of water -borne diseases were documented. These were used to make preliminary inference of health impact of well water contamination by pit latrines. In the study area, the primary water sources were identified by speaking with the head of household and/or healthcare workers. The primary water source identified by majority of the people was hand dug wells. We considered the primary water sources and complaints of diarrhoea and other water related diseases in the health centre and private clinics.
2.5.
Data Analysis Data were analysed using both descriptive and inferential statistics. Correlation analysis was performed among the physico-chemical parameters of water from the hand-dug wells. For comparison of water quality parameters between wells, one-way ANOVA was used. Data were analysed using SPSS (Version 17).
III.
Results And Discussions 3.1. Physico-chemical parameters Physicochemical parameters of the selected wells were shown in Table 1 . The result showed that the qualities of the well water were affected by bacterial from pit latrine. All the samples were colourless but some have offensive odour and sour taste. Table 1 also showed the WHO permissible limits for selected water physico-chemical parameters. Distances between the pit latrines and hand dug wells varied from 10.2 to 16.4m in the study area, which is less than the required 30 metres for ecological sanitation thus raising the risk of contamination of the water sources as coliforms could migrate from the pit latrines to the wells (Table 2) . 
Bacteriological Composition
In terms of microbial safety, enteric diseases have being reported to be the main public health concern associated with drinking water [ [37] [38] . The major indicators of microbial safety of drinking water include heterotrophic plate counts (HPC), total coliform (TC), faecal coliform (FC) and Escherichia coli (E. coli). However, according to Bartram et al [39] , it is impractical to look for all known enteric pathogens that may contaminate drinking water, hence microbial safety in this study were assessed through detection of indicators of faecal pollution, Escherichia coli (E. coli) and Salmonella spp. The results of the enumeration of faecal coliforms, E. coli and Salmonella spp. are shown in Figure 2 . Faecal coliforms were present in a concentration ranging from 1.9 X 104 CFU/100 ml at AW2 to 4.25 X 104 CFU/100 ml at SW2. Concentration of E. coli was between 0.126 X 104 CFU/100 ml at SW1 to 0.64 X 104 CFU/100 ml at IW3 using the standard method of membrane filtration. Salmonella spp. was found to show a variation between zero at SW1 and SW2 to 1.0 X 104 CFU/100 ml at AW1. Figure 2 . Bacteriological composition of water samples collected from hand-dug wells. Table 3 revealed that 80 % of the health centre visited had at least 15 reported cases of typhoid fever among people below age 20 years. Diarrhoea and gastro-enteritis were more prevalent at age 10 and below than all other age groups.
Health Data

Table 3. Prevalence of Water Borne Diseases in health centres and clinics
There are significant correlations among measured water quality parameters such as pH and temperature (0.93), nitrate and conductivity (0.76), and conductivity and turbidity (0.73) at p < 0.05 significant level (Table 4 .0). The result of ANOVA analysis performed had the calculated F value of 42.12, which confirms the significance of the regression equation (Table 5 ). It showed that pit latrines significantly affect the water in the hand-dug well close to them. 3.4. Physico-chemical properties of well water This study examined the effect of pit latrine on physico-chemical and bacteriological quality of water from nearby hand-dug well and its health implications in Isara, Remo North Local Government Area of Ogun State, SW, Nigeria. A critical examination of water samples from hand-dug wells showed significant impaction due to proximity to the pit latrines. This affected physico-chemical properties of the water. Temperature varies from 26.9 to 30.0 oC, which is significant to the total coliforms and E. coli in water bodies [40] . Water pH ranged from 7.10-8.20 with mean of 7.60 and this within the portable water standards [21] . However, pathogens can thrive at pH ≥ 5.0 thus making the water potentially hazardous to health [41] . Another implication of the low pH may include corrosion, solubility of heavy metals and impartation of bitter and metallic taste in water [42] [43] . Total acidity ranged from 100 mg/l to 500 mg/l, which was far above the limit recommended by World Health Organization [44] , while total alkalinity that ranged from 70.00 to 104 mg/l were below the WHO 400 mg/l limit. Turbidity was high and ranges from 2.10 NTU to 12. 34 NTU. High turbidity in some of these wells could be because of soil disturbance and resuspension within the well during water withdrawal. High turbidity can stimulate bacteria growth, which indicates problems with treatment processes [45] . Conductivity ranged from 124.70 µS/cm in a well at Ijabata to 1152.50 µS/cm in SW2 at Sabo area. Conductivity at Ijabata is above the WHO desirable limit for EC in drinking water of 1000 µS/cm [45] . Conductivity is a measure of dissolved ions and their behaviour is similar to that of ammonium, and nitrate ions [34] . One of the wells (SW2) in Sabo area has ammonium concentration of 2.50 mg/l, which is above the WHO permissible limit of 1.5 mg/l [45] . This could possibly explain the high conductivity of the well water. Nitrate concentration varied from 26.60 -49.60 mg/l, which were high and very close to the WHO permissible limit of 50 mg/l for portable water [45] . The preferred level of nitrogen in groundwater is less than 10 mg/l, but sustained levels of over 20 mg/litre are required before any significant health risk is posed [46] . Nitrate form nitrosamine in the stomach, which causes gastric cancer [47] . High levels of nitrate-nitrogen are directly associated with methaemoglobinaemia, or blue baby syndrome, an acute condition common among bottle-fed infants of less than three months of age [48] . Human and animal sewage are major sources of nitrate in groundwater [49] . The mean concentration of 38.64 mg/l recorded for chloride was far below the permissible limit of 250 mg/l for portable water [44] . The chemical analysis suggest that the main factors influencing the nitrate, ammonia, and chloride values in the well water are the proximity of the wells to pit latrines and the sandy nature of the soil.
3.5.
Bacteriological contamination The results of the bacteriological analyses reveal contamination of the well water by faecal matter from the pit latrines. Generally, the extent to which bacteria or pathogens from pit latrine wastes may be transported and contaminate groundwater largely depends on the environmental context of the area, particularly climatic, hydrological and soil conditions [20, 26] . In this study faecal coliforms in the well water ranged from 1.9 X 104 CFU/100 ml at AW2 to 4.25 X 104 CFU/100 ml at SW2), while E. coli was between 0.126 X 104 CFU/100 ml at SW1 to 0.64 X 104 CFU/100 ml at IW3 (Figure 2 ). Salmonella spp. often associated with diarrhoea and gastoentrisis was detected in all the wells except Sabo 1 (S1) and Sabo 2 (S2). It ranged from zero 1.4 X 104 CFU/ml. The presence of indicator organisms (E. coli) in water indicates contamination of the water source with faecal matter and hence possible presence of intestinal pathogens [50] or what Robertson [51] referred to as microbiological failures. Of the indicators described here, E. coli is the only microbial indicator associated with public health significance [52] . It is the most reliable indicator of enteric diseases and is therefore the indicator of choice to indicate occurrence of recent faecal contamination in drinking water systems [53] . It is worth noting that a positive result for E. coli is not necessarily a measure of waterborne pathogen occurrence [42] , neither does nondetection nor a negative E. coli result guarantee that water is safe to drink [ 54] . Coliforms detected in well water may have migrated from faecal matter in the pit latrines through the soil to the water sources due to the very short distance between the pit latrines and the wells [9] . Distances between the pit latrines and hand-dug wells (Table 3) varied from 10.2 to 16.4m, which raises the risk of contamination of the water sources as coliforms could leach from the pit latrines into nearby wells. Furthermore, Vinger et al. [55] suggested that wells are likely to be contaminated if pit latrines are < 12 m away. Although Dzwairo et al. [48] found faecal and total coliform contamination greatly reduced at > 5 m from pit latrines, a distance of 30 m is however required for ecological sanitation.
3.6.
Health Implications The study revealed high faecal contamination in the well water in Isara, which shows high possibility of the presence of disease pathogens. There are many cases of water-related diseases and infections reported in the health centre and private clinic visited during the study showing many people drank from contaminated water sources. E. coli O157:H7 a strains of E. coli bacteria have being identified to cause illness, such as hemorrhagic diarrhoea and haemolytic uremic syndrome HUS) which causes kidney failure, which could jeopardize the health of young children and anyone with a challenged immune system [56] [57] [58] . In this study, diarrhoea and gastro-enteritis were more prevalent among children of school age 10 while many adults are down with typhoid fever. This has potential direct and indirect public health and economic impacts. Water-related diseases often affect peoples' productivity as illnesses related to poor sanitation have direct impact on household finances in terms of the financial expenditure to pay for medicines and primary healthcare as well as the loss of working days due to sickness [13] . Hygiene promotion is widely acknowledged as one of the most cost-effective public health interventions [10, 59] . Therefore, it is essential that public health professionals work collaboratively to identify access and manage public health risks, and take action to communicate these risks effectively to all affected parties [60] .
IV. Conclusions
It is evident that most hand-dug wells in the study area were contaminated with faecal matter that leached from nearby pit latrines, which has negative implication to achieving sustainable health. The hand-dug well water quality fell short of the WHO guidelines for drinking water quality and improved urban sanitation, promotion of hygienic behaviour can help reduce the risk of exposure to pathogens, and hazardous substances that could affect public health at all points of the sanitation system; and eventually contribute to the socioeconomic development. There is the urgent need for the promotion of the delivery of sustainable water supply, sanitation and hygiene (WASH) services by improving the water quality at the source through adequate protection of well water, treatment and provision of alternative sources such as improved pipe-borne water to the people. Sitting wells at higher elevations of at least 30 metres and the bottom of the pits should be at least 1.5 metres above the groundwater table.
